High-level expression of a chimeric virA gene was obtained by replacing the first 524 codons of virA with the first half of trpE. The encoded fusion protein was isolated and found to exhibit autokinase activity. Therefore, a kinase domain is in the C-terminal portion of VirA, and protein phosphorylation may be an important feature of VirA function.
Agrobacterium tumefaciens causes crown gall disease on a wide variety of plants by the transmission of infectious DNA (T-DNA) from a large tumor-inducing (Ti) plasmid to the plant cell genome (for recent reviews, see references 10 and 15). The T-DNA contains phytohormone genes whose expression in the plant cell causes uncontrolled growth resulting in the formation of an overgrowth or tumor. A second sector of this plasmid called the virulence (vir) region contains a number of genes that are not transferred but nevertheless are essential for tumorigenicity (8, 13) . These genes are simultaneously induced (21) when the bacteria sense the proximity of a susceptible host by detecting the presence of phenolic compounds elaborated from plant wound tissue (1, 22). The products of two of these genes, virA and virG, are required for this induction (10, 15, 21) . VirA is a transmembrane protein that is thought to act as the environmental sensor of inducing compounds (12, 24) . Its probable function is to transmit this signal to VirG, a DNA-binding protein (20) . VirG is then thought to become capable of enhancing transcription of other vir operons whose encoded proteins, such as VirDl and VirD2 (25) , are directly involved in processing T-DNA. Defining the mechanism by which VirA activates VirG is central to understanding the regulation of virulence genes in A. tumefaciens.
DNA sequence analysis of virA (1Sa) and virG (19) from the plasmid pTiC58 has revealed that the products of these genes share a common ancestry with a family of twocomponent regulatory proteins that control diverse sets of genes (18) . One member of the pair of regulatory proteins detects (directly or indirectly) and transmits environmental signals to the second member, which functions as the immediate effector of gene expression (or of the flagellar motor in one case). Studies on homologous proteins have revealed that the response to nitrogen limitation by NtrBNtrC (7, 16) , the control of chemotaxis by CheA-CheBCheY (5), and the response to changes in medium osmolarity by EnvZ-OmpR (6) all involve protein phosphorylation during signal transduction by the sensor component and activation of the regulator component. To determine whether the VirA-VirG regulatory pair also uses this mechanism, we tested whether a chimeric protein containing a portion of the VirA polypeptide could be phosphorylated in vitro.
Previous results have shown that overproduction of native VirA in Escherichia coli is deleterious to cell growth (unpublished data) and that this phenomenon depends on the * Corresponding author. synthesis of either the second hydrophobic core or some nearby portion of the VirA protein (24) . This severely hampers efforts to obtain sufficient quantities of native VirA for biochemical studies. We reasoned that the removal of this hydrophobic domain might result in high-level synthesis of a truncated protein exhibiting partial VirA activity. A gene fusion between the E. coli trpE gene and the A. tumefaciens virA gene was constructed such that the encoded fusion protein (VirA 2203) contained the first 334 amino acids of TrpE in place of the first 524 amino acids of VirA and was expressed from the tryptophan promoter ( Fig.  1) . Therefore, VirA 2203 lacked all of the periplasmic region of the native VirA protein and part of its cytoplasmic region (24) . However, this protein retained most of the original carboxy terminus, including the consensus nucleotidebinding sequence, Gly-X-Gly-X-X-Gly (23), at amino acids 658 to 663 of VirA (1Sa), and most of the amino acid sequences similar to the proposed transmitter domain of homologous proteins (9) . The chimeric gene coding this fusion protein was constructed by inserting the 1.9-kilobasepair BglII-BamHI fragment of pUCD1105 (21) containing the last 928 base pairs of virA into the BamHI site of the pATH1 vector carrying the tryptophan promoter and half of the trpE gene (2).
TrpE-containing proteins were prepared as follows: DH5a cells containing either pUCD2203 or pATH1 (control) were grown to stationary phase (overnight) at 28°C in 1 ml of M9CA (14) containing ampicillin (100 ,ug/ml) and tryptophan (20 ,ug/ml) and then divided equally into two tubes of 5 ml of M9CA with ampicillin and shaken at 28°C. After 2 h, 3-p-indoleacrylic acid (20 p.g/ml) was added to one of each of the duplicate cultures to induce the tryptophan promoter. The cultures were grown for another 2 h before harvesting by pelleting cells from 1 ml in a microfuge. Cells were suspended in 100 ,ul of buffer A (50 mM Tris hydrochloride [pH 8 .0], 0.5 mM EDTA, 50 mM NaCi, 1 mM dithiothreitol) and then lysed by incubation with 1 mg of lysozyme per ml (final concentration) on ice for 20 min, followed by sonication on ice for 45 to 60 s, 50% duty, 80% full power (Heat Systems-Ultrasonics, Farmingdale, N.Y.). Aliquots (5 RI) of these suspensions were each dissolved in 5 RI1 of Laemmli sample buffer (11) to generate whole-cell extracts for analysis later. Cell debris and insoluble proteins were removed by centrifugation at 15,000 x g for 15 min. Although much of the fusion protein produced by trpE'-'virA recombinant plasmid partitioned with the pellet fraction, plasmid-specific protein was also detected in the supernatant fraction. One of these proteins exhibited a relative mass of 37 kilodaltons (kDa), a size expected for the TrpE' fragme After subsequent fractionation (see below), (pUCD2203) was found to contain soluble pro relative mass of 70 kDa, in good agreement dicted size of the VirA 2203 protein (37 kDa for kDa for VirA). VirA 2203 was further purifi chromatography by using a 1.5-ml bed volume o (Bio-Rad Laboratories, Richmond, Calif.). B( were washed with 3 ml of buffer A, then e consecutive steps using 3 ml each of 300 mM NaCl in buffer A. Since most of the activity wa high-salt fraction, this fraction was used for fur Salts were diluted 10-fold by successive conc dilution on Centricon 30 microconcentrators (v ers, Mass.), and the final retentates (100 to brought to 500 ,ul with the same buffer. VirA 22( enriched from this preparation in comparison extracts (data not shown) and appeared to be 50% pure ( Fig. 2A) . The identities of TrpE'-c4 teins were confirmed by Western blot (immunc ( (Fig. 2C) . The trunto whole-cell cated TrpE protein encoded by the pATH1 vector was not greater than labeled under the same conditions (Fig. 2C) 
